Background. Respiratory syncytial virus (RSV) infection is a potentially important cause of acute respiratory illness in many populations, including military recruits receiving basic training. Understanding the full impact of RSV infection is challenging because of difficulties in diagnosis and the limitations of past epidemiologic studies. In this study, we set out to determine the prevalence and clinical characteristics of RSV infection and infection caused by other common viral agents in a population of previously healthy young adults, namely, military recruits receiving basic training.
acute lower respiratory tract infection in infants and young children throughout the world [1] [2] [3] .
RSV infection in young children has been studied extensively and was rarely considered important in adults. However, during the past decade, RSV has been increasingly recognized as a cause of severe communityacquired lower respiratory tract illness associated with significant morbidity and mortality in certain susceptible adult populations [4] .
Acute respiratory disease caused by RSV is not, however, restricted to pediatric and specific high-risk adult populations. Acquired immunity to RSV is both partial and transient, and natural reinfection occurs repeatedly throughout life, despite the presence of specific and neutralizing antibodies [5, 6] . Studies have shown that RSV is a significant pathogen in previously healthy immunocompetent individuals and that although the clinical severity of RSV infection or subsequent reinfection in adulthood is typically diminished, the spectrum of disease varies widely [7] [8] [9] [10] [11] [12] [13] [14] .
The study of RSV and the diagnosis of acute infection in adults have been hindered by the lack of availability of rapid and sensitive methods of detection [4] . Viral culture and antigen detection exhibit greatly reduced sensitivity in adults, even when used to process specimens under optimal conditions, because of the transient shedding of virus at significantly lower titers in the secretions of the upper respiratory tract of adults, the highly thermolabile nature of RSV, and the occurrence of pre-existing antibodies in nasal secretions [4, 14] . Although the use of serologic testing to identify specific anti-RSV antibodies in adults demonstrates greater sensitivity, the requirement for acute-phase and convalescent-phase serum samples allows only a retrospective diagnosis of RSV infection and limits the use of this method.
RT-PCR for use in viral RNA detection and in the diagnosis of RSV infection has recently been described and has been shown to be especially suited to the detection of low viral titers or nonviable viral RNA in respiratory secretions [15] . Several studies have found RT-PCR and nested RT-PCR to be more sensitive than culture and antigen detection for the diagnosis of RSV infection in infants and adults [15] [16] [17] [18] [19] [20] .
The development of a novel, highly sensitive, semiquantitative real-time PCR and molecular beacon probe assay for the detection of RSV in respiratory secretions has recently been described [21] . Here, we describe the application of this assay, in comparison with conventional viral culture and serological methods, to estimate the prevalence of clinically significant RSV infection in a symptomatic group of previously healthy young adults and to determine both the clinical presentation and the severity of illness associated with RSV infection in this population. In addition, the prevalence and clinical manifestations of symptomatic disease associated with other common respiratory viral pathogens in this group shall be described and compared with those of RSV infection.
METHODS
Subjects and study design. Subjects for the study were symptomatic military recruits receiving basic training at Fort Benning, a large US Army Infantry training installation located southeast of Columbus, Georgia. This site was selected because of the large population of trainees present at any one time, the existence of infrastructure supporting the enrollment of subjects and the collection, processing, and storage of clinical samples, and because there is evidence, both anecdotal and documented, of previous epidemics of acute upper and lower respiratory tract illnesses among trainees (indeed, the site maintains a specific ward for the isolation of symptomatic trainees). Trainees were considered for inclusion in the study if they sought medical attention with nonspecific respiratory symptoms and met a case definition, namely, if they possessed an oral temperature of у38ЊC and either a cough or a sore throat. In addition, any trainee possessing clinical evidence of acute, nonbacterial pneumonia was considered for the study. Trainees meeting the case definition were briefed on the subject of the study, provided with an information sheet describing the study, and invited to provide voluntary, informed consent to participate (this research, performed under Naval Health Research Center (NHRC) Institutional Review Board-approved protocol #32220, has been conducted in compliance with all applicable Federal Regulations governing the protection of human subjects in research). It was proposed that eligible trainees would be enrolled in the study from November 2000 for a 6-month period (concurrent with annual epidemics of RSV infection among civilian populations).
Sample collection. An acute-phase blood sample and bilateral nasopharyngeal swab specimens were collected from participants. Swab specimens from each patient were collected and inserted into a single tube of viral transport medium. A case report form, which collected information on demographic characteristics (i.e., sex, date of birth, week of training, and training unit) and clinical information (i.e., date of sample collection, oral temperature at the time of sampling, duration of symptoms, hospitalization status, and influenza vaccination history), was completed for each symptomatic trainee at presentation. Specimens were promptly transported to an on-site facility and nasopharyngeal swabs were immediately stored at Ϫ70ЊC, as were serum samples, after fractionation by centrifugation. Participants were recalled 2-4 weeks after initial presentation, when they were asked to complete a follow-up questionnaire and to permit collection of convalescent-phase serum samples.
Respiratory virus isolation and culture. Virus isolation and identification were performed using standard procedures [22] . To facilitate the detection of a variety of respiratory viruses, including RSV; influenza viruses A and B; parainfluenza viruses 1, 2, and 3; adenovirus; enterovirus; and herpes simplex viruses 1 and 2, we employed 6 tissue culture cell lines: HEp-2 human epithelial cells, primary rhesus monkey kidney cells, MRC-5 human lung fibroblasts, NCI-H292 human lung mucoepidermoid cells, A549 human lung adenocarcinoma cells, and a mixed monolayer of mink lung (MvLu1) and A549 cells (R-Mix; Diagnostic Hybrids). Tissue culture monolayers were inoculated with a 200-mL sample derived from viral transport medium containing nasopharyngeal swab specimens. Cultures were subsequently examined by light microscopy for characteristic viral cytopathic effect, and viral identification was confirmed by immunofluorescence with a respiratory panel of monoclonal antibodies directed against each of the respiratory viruses previously indicated. Smears of cell suspensions were examined by fluorescence microscopy, fluorescence was graded on a scale of 0 to 4+, and an estimate of the number of fluorescing cells, as a proportion of the total number of cells, was made. Only smears demonstrating у75% fluorescent cells and a fluorescence grade of у3+ were considered positive for a particular respiratory virus. Real-time molecular beacon PCR. We employed a recently described, highly sensitive, semiquantitative real-time PCR and molecular beacon probe assay for the detection of RSV in respiratory secretions for the analysis of clinical specimens derived from nasopharyngeal swab specimens [21] . Following RNA isolation, we performed cDNA synthesis, primary PCR, qualitative conventional nested PCR, semiquantitative molecular beacon real-time PCR, and product analysis, as described elsewhere [21] . For all samples that were deemed positive for the presence of RSV, real-time PCR was performed in triplicate and on different occasions to obtain a mean cycle threshold (C t ) value (the cycle number at which the fluorescence generated within the reaction, representing amplicon synthesis, crosses the threshold). Quantification of viral titer in RSVpositive samples was calculated by interpolating mean specimen C t values with standard reference curves that had been previously generated.
To minimize the risk of carry-over of contaminating nucleic acids, all working areas were decontaminated with a 0.5% sodium hypochlorite solution before use, pipetting was performed with aerosol-resistant tips, and RNA extractions and the preparation of PCR reagents and amplification mixtures were performed in different biosafety cabinets decontaminated with UV light irradiation before and after use.
Serological testing. Serum titers of IgG antibodies against RSV were measured with an ELISA modified from standard methods [23] . Positive antigens (pooled, high-titered lysates of multiply-passaged RSV A2 and B-infected cells) and negative antigens (mock-infected control cell lysate) were prepared in 0.5% Nonidet P40 (vol/vol). Optimal antigen dilutions were determined and incubation times, wash conditions, and detection conditions were all as described elsewhere [23] .
Paired acute-and convalescent-phase serum samples (50 mL) were assayed on the same 96-well microtiter plate at 2 screening dilutions (1/1000 and 1/2000), in triplicate, against both positive and negative RSV antigens. Sample pairs demonstrating a у1.5-fold increase, after background correction, in the optical density from the convalescent-phase sample to the acute-phase sample, were further assayed over a range of serial doubling dilutions (1/500-1/64,000), in triplicate, against positive and negative RSV antigens, and on the same microtiter plate.
A positive antibody response against RSV, indicative of RSV infection during the study period, was defined as a paired serum sample in which the acute-phase serum had an optical density of у0.2 and in which there was a у4-fold increase in the level of RSV-specific IgG antibodies between the acute-phase and the convalescent-phase serum samples [23] .
RESULTS

Participants and clinical manifestations.
From November 2000 to April 2001, the average resident population of recruits at Fort Benning was ∼7000, and more than 23,000 recruits trained there during this period. Over 8 weeks (late JanuaryMarch 2001), 256 male symptomatic trainees receiving basic training were enrolled in the study. Nasopharyngeal swab specimens, an acute-phase blood sample, and a completed case report were obtained from each enrolled recruit at presentation. Thereafter, follow-up questionnaires were obtained from 167 of the participants. The demographic characteristics of participants at presentation and general clinical information gathered subsequently are summarized in table 1.
Analysis of clinical specimens. Nasopharyngeal swab specimens obtained from each of the 256 symptomatic trainees were analyzed by viral culture. One or more viruses were isolated and identified from 161 (63%) of the total population. Adenovirus was isolated from 123 trainees (48%), influenza viruses from 28 trainees (11% [influenza A and B viruses were isolated in equal numbers]), parainfluenza virus 3 from 8 trainees (3%), and enterovirus from 2 trainees (!1%). No other respiratory viruses, including RSV, were isolated by viral culture.
Molecular beacon real-time nested PCR detected the presence of RSV in 15 (6%) of the 256 samples obtained from participants. Conventional nested PCR detected RSV in 5 (33%) of these samples (table 2) . The mean C t value, after repetition of real-time PCR in triplicate and on different occasions for all positive samples, was 28.50 (range, 18.39-33.12). Subsequent semiquantitative quantification demonstrated that the viral load of positive samples ranged from to Ϫ4 1.0 ϫ 10 0.57 plaque forming units (pfu)/mL (mean, pfu/mL).
Ϫ3
1.0 ϫ 10 Complete sets of samples (i.e., paired acute-and convalescent-phase serum samples) were available for 157 (61%) of the participants, and serological analysis of anti-RSV IgG antibody levels by an ELISA was performed on these samples. Of these The results of the analysis of clinical specimens are summarized in table 3. Of the group of 27 trainees in whom RSV was detected by molecular beacon real-time PCR and/or serologic testing, detection occurred concurrently in 4 individuals. Therefore, after combining the data and correcting for concurrent RSV identification, the prevalence of RSV among the participants was determined to be 11%. There was no correlation between the results of viral culture and the results of molecular/serological methods of analysis of samples for the presence of RSV. Of the 23 trainees with samples found to be positive for RSV by either molecular or serological methods, convalescent-phase serum was unobtainable from 7 trainees (30%), preventing analysis by ELISA. Among the remaining 16 recruits with positive samples on which both PCR and ELISA analyses were performed, congruent results were obtained for 4 cases (25%). The clinical data associated with each isolated virus are summarized in table 4.
DISCUSSION
Acute respiratory disease is the leading cause of outpatient illness and hospitalization among US military personnel, with a prevalence exceeding that of the adult civilian population by up to 3-fold [24] [25] [26] . Historically, military trainees have been vulnerable to acute respiratory disease and febrile respiratory illness, and their reduced immunity and increased susceptibility have been attributed to demanding physical training schedules and crowded habitation [26] . Although numerous infective agents have been extensively studied in this population, a significant proportion of illness (140% of cases) has been attributed to unknown causative agents, probably unidentified respiratory viruses [27] . An association between RSV infection and acute respiratory illness in military personnel has previously been made; however, only a few limited studies have been undertaken to investigate this association further [7, [27] [28] [29] .
In our study, RSV infection was identified in 11% of symptomatic trainees, findings similar to those of the only 2 other studies of RSV infection in military trainees, both of which employed serological methods of detection [28, 29] . A recent study of RSV infection in civilian young adults found a prevalence of 7% [14] . Interestingly, military trainees have previously been shown to be reluctant to seek medical attention. One study demonstrated that as many as 42% of trainees with serological evidence of Streptococcus pyogenes failed to present [30] . Therefore, one may speculate that the true prevalence of Clinical characteristics of trainees who tested positive for a respiratory virus, according to virus type, as determined acute respiratory disease and febrile respiratory illness in this population may be inherently difficult to determine. The spectrum of clinical disease in adults varies considerably. Early studies of RSV infection in young, previously healthy adults demonstrated only mild disease [7, [31] [32] [33] [34] . Recent studies have shown that infection is asymptomatic in 16% of patients and confined to the upper respiratory tract in the majority of cases [14] . However, RSV infection in this population is not limited to mild disease; 180% of infected adults present with a moderately severe, protracted, symptomatic illness characterized by fever, rhinorrhea, nasal congestion, pharyngitis, wheeze, and cough lasting for 7-10 days, and as many as 50% of infected adults are absent from work for 2-14 days [9, [11] [12] [13] [14] 22] .
We found the majority of trainees experienced an upper respiratory tract illness that lasted for several days and included a nonproductive cough, a sore throat, and nasal congestion. However, a significant number (more than two-thirds) of trainees reported symptoms of lower respiratory tract disease, such as dyspnea and/or wheeze, for up to 4 days in duration, which is in agreement with the findings of more recent studies. Regarding the significance of the morbidity associated with RSV infection, as illustrated by the clinical impact of the illness, almost all of the trainees experienced absence from training and confinement to the febrile respiratory illness ward for a few days.
The diagnosis of acute RSV infection in adult populations has been hindered by the lack of rapid and sensitive diagnostic methods, which has hampered early administration of definitive therapy and the study of RSV infection in this group. We recently described the development of a highly sensitive, semiquantitative, real-time PCR and molecular beacon probe assay for the detection of RSV in respiratory secretions [21] . The assay has a detection limit up to the equivalent of pfu/
Ϫ4
1 ϫ 10 mL of tissue culture-passaged virus and demonstrates high degrees of accuracy, repeatability, and reproducibility. The robustness of this method has been effectively demonstrated in the present study and the assay affords the possibility both of identifying RSV infection in adults in whom extremely low viral titers are identified, in circumstances of suboptimal sample collection, and of providing an estimation of viral load in clinical samples.
Samples from 27 patients were found to be positive for RSV by at least 1 method; of these, 15 were positive by PCR and 12 were positive by serological testing, with agreement between the tests occurring in 4 cases. Viral culture failed to detect RSV in any of the specimens found to be positive by other methods, reinforcing the current consensus that viral culture is not the definitive diagnostic test for detection of RSV in adults. The relatively poor correlation between the results of molecular and serological methods may be attributed to many of the factors that would have resulted in the failure of viral culture to detect RSV, namely, low viral titer or suboptimal sample collection, storage, transportation. In addition, although there are no specific data regarding age-related differences in immunity to RSV, it is well documented that cellular immunity diminishes with age, and, therefore, it is reasonable to suppose that young, healthy adults may respond to infection with RSV more rapidly than elderly persons and may thus be PCR-positive for a shorter period [20, 35] . Also, the presence of inhibitors in samples would hinder viral detection. All of these factors could have contributed to the occurrence of false-negative PCR results. False-negative serologic test results may occur because of both a long illness duration prior to initial presentation (resulting in high anti-RSV IgG antibody titers obscuring any subsequent increase in antibody titer that would be indicative of recent infection) and either a shortened or prolonged interval between acute-and convalescent-phase serum sample collection. It should be noted, however, that a truly accurate comparison between the results obtained by serologic testing and by PCR is not possible because of the incomplete collection of convalescent-phase serum samples.
The other viruses most commonly identified in this study shall be briefly discussed. Adenoviruses were most commonly isolated, occurring in 48% of participants, which is a prevalence similar to that reported in recent studies of adenovirus infection among trainees at US military training centres (50%-53%) [36] , but which is significantly greater than estimates of the prevalence of respiratory illnesses associated with adenovirus in civilian adults (2%) [37] . Most trainees experienced upper respiratory tract symptoms and many also reported symptoms of lower respiratory tract disease. It is interesting to note the significant incidence of respiratory disease associated with adenovirus infection in this particular population, especially in view of the recent cessation of a previously highly effective vaccination program in this group [36, 38] .
Symptomatic infections associated with influenza viruses were identified in 11% of trainees, producing an acute illness limited to the upper respiratory tract in the majority of cases. A total of 254 of the trainees (99%) had received a vaccination during the 4 months preceding presentation. Both of the unvaccinated trainees were found to be positive for influenza virus, and the vaccinated trainees found to be positive for influenza virus had received vaccinations, on average, !1 week before presentation. Maximum protection against influenza virus does not fully develop until ∼2 weeks after vaccination. These results demonstrate the extremely high protective efficacy of the influenza vaccine that was employed.
The present study includes one of the largest cohorts of symptomatic adults to be tested for the presence of RSV infection and is the largest such study of military trainees. The data presented confirm the significance of RSV infection in previously healthy, immunocompetent, young adults, with respect to the prevalence, morbidity, and clinical sequelae associated with RSV infection. These results have implications for the treatment of trainees receiving basic military training and raise important questions regarding the need for immunoprophylaxis against RSV in this population.
